To: McQueen, Jacqueline[McQueen.Jacqueline@epa.gov]
From: Sarah Amick

Sent: Thur 12/1/2016 2:45:26 PM

Subject: RE: meeting with RMA and EPA

Presentation to EPA on 11.3.16.pdf

Kreider Inhal Tox 24 907 2012.pdf

Jackie,

Thank you for the contact information for Dr. Masten at the NTP. We will plan to follow-up
with him. Attached is the presentation and the inhalation study summary we provided to you at
our meeting on November 3™. If you have any questions please contact me, we are happy to
provide additional information as needed.

Thank you again,

Sarah E. Amick
Vice President EHS&S and Senior Counsel

Rubber Manufacturers Association

1400 K St. NW, Suite 900
Washington, DC 20005

samick@rma.org

(0) 202-682-4836

From: McQueen, Jacqueline [mailto:McQueen.Jacqueline@epa.gov]
Sent: Monday, November 28, 2016 12:33 PM

To: Sarah Amick

Subject: RE: meeting with RMA and EPA
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Hi Sarah,

I am following up on a request that you made during our 11/3 meeting. I spoke with Dr. Masten
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has been handling inquiries on

NTP’s tire crumb tox work. His contact information, including his phone number, are below.

Scott A. Masten, PhD, DABT

Director, Office of Nomination and Selection
National Toxicology Program

919.541.5710

Regards,

Jackie

Jacqueline McQueen

U.S. Environmental Protection Agency (8104R)
Office of Research and Development

Office of Science Policy

1200 Pennsylvania Avenue, N.W.

Washington, D.C. 20460

(202) 564-6639

From: Sarah Amick [mailto:SAmick@rma.org]
Sent: Tuesday, November 01, 2016 7:40 AM
To: McQueen, Jacqueline <McQueen.Jacqueline@epa.gov>

Subject: RE: meeting with RMA and EPA
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Jackie,

Yes we have three people: myself, Tracey Norberg with RMA and Julie Panko with Cardno
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Thank you,

Sarah E. Amick
Vice President EHS&S and Senior Counsel

Rubber Manufacturers Association

1400 K Street, NW, Suite 900
Washington, DC 20005

tel (202) 682-4836

samick@rma.org

From: McQueen, Jacqueline [mailto:McQueen.Jacqueline@epa.qov]
Sent: Tuesday, November 01, 2016 7:38 AM

To: Sarah Amick

Subject: RE: meeting with RMA and EPA

Good morning, Sarah.
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I’'m just confirming that you will have 3 people total in your party- correct?

Thanks,

Jackie McQueen

Jacqueline McQueen

U.S. Environmental Protection Agency (8104R)
Office of Research and Development

Office of Science Policy

1200 Pennsylvania Avenue, N.W.

Washington, D.C. 20460

(202) 564-6639

From: Sarah Amick [mailto:SAmick@rma.org]

Sent: Monday, October 24, 2016 10:04 AM

To: McQueen, Jacqueline <McQueen.Jacqueline@epa.gov>
Subject: RE: meeting with RMA and EPA

Jackie,

We look forward to meeting with you on Thursday, November 3™ from 1-2pm. We plan to bring
our consultant, Julie Panko with Cardno Chemrisk, to the meeting. It would be helpful if you are
able to send a meeting calendar announcement with the location for the meeting.

Thank you again,
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Sarah E. Amick
Senior Counsel

Rubber Manufacturers Association

1400 K Street, NW, Suite 900
Washington, DC 20005

tel (202) 682-4836

samick@rma.org

From: McQueen, Jacqueline [mailto:McQueen.Jacqueline@epa.gov)]
Sent: Monday, October 24, 2016 8:35 AM

To: Sarah Amick

Subject: meeting with RMA and EPA

Good morning, Sarah,

We should be able to have my Office Director, Fred Hauchman, myself, and a representative
from our exposure lab available on November 3 from 1-2. Let me know if this time is
acceptable, thanks.

Jackie McQueen

Jacqueline McQueen

U.S. Environmental Protection Agency (8104R)
Office of Research and Development

Office of Science Policy

1200 Pennsylvania Avenue, N.W.

Washington, D.C. 20460
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(202) 564-6639

From: Sarah Amick [mailto:SAmick@rma.org]
Cant: Fridav Oetnahar 21 20146 12-26 PM

AL LILe 1 Llu“] AW AN AVIVAY] § Ltl PAAVE BV DAY S S
To: McQueen, Jacquehne <McQueen.Jacqueline@epa.gov>
Subject: RE: test

Jackie,

Thank you for speaking earlier today about RMA’s meeting request. As discussed attached is
the meeting request we sent to Dr. Thomas Burke regarding EPA’s research protocol on crumb
rubber. We look forward to bring our consultants from Cardno ChemRisk to a meeting with
EPA on the research protocol.

We are available for a meeting on the following dates and prefer to meet on November 3 or 4®
1s these dates work for EPA.

Thursday, November 3 — any time after 1pm
Friday, November 4" — any time after 1pm

Thursday, November 10® — any time after Ipm

Julie Panko from Cardno Chemrisk will attend the meeting in addition to myself and my
colleague Tracey Norberg at RMA.

During the meeting we plan to discuss the following:

e  Recommendations for additional soil samples

ED_001166_00003707-6



e  Analytical techniques for evaluating crumb rubber

o International sources of data available to determine availability of toxicology data and

health-based screening levels

Again, we look forward to meeting with EPA. Thank you for helping to coordinate this meeting.

If you have any questions please contact me.

Best,

Sarah E. Amick

Senior Counsel

Rubber Manufacturers Association
1400 K Street, NW, Suite 900
Washington, DC 20005

tel (202) 682-4836

samick@rma.org

From: McQueen, Jacqueline [mailto:McQueen.Jacqueline@epa.gov]
Sent: Friday, October 21, 2016 12:25 PM

To: Sarah Amick

Subject: test
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Evaluation of potential for toxicity from subacute
inhalation of tire and road wear particles in rats

Marisa L. Kreider!, Melanie Doyle-Eisele?, Robert G. Russell?, Jacob D. McDonald?,
and Julie M. Panko'

'ChemRisk, LLC, Pittsburgh, Pennsylvania, USA and 2Lovelace Respiratory Research Institute; Albuquerque,
New Mexico, USA

abstract

Tire and road wear particles (TRWP) are a component of ambient particulate matter (PM) produced from the
interaction of tires with the roadway. Inhalation of PM has been associated with cardiopulmonary morbidities and
mortalities thought to stem from pulmonary inflammation.To determine whether TRAP may contribute to these
events, the effectsof subacute inhalation of TRAVP were evaluated in rats. TR\WP were collected at a road simulator
laboratory, aerosolized, and used to expose male and femaleSprague-Dawley rats (n = 10/treatment group)at ~10,40,
or 100 pg/m? TRWP via nose-only inhalation for 6 h/day for 28 days. Particle size distribution of the aerosolized TRAVP
was found to be within the respirable range for rats. Toxicity was assessed following OECD guidelines (TG 412). No
TRAP-related effectswere observed on survival, clinical observations, body or organ weights, gross pathology, food
consumption, immune system endpoints, serum chemistry, or biochemical markers of inflammationor cytotoxicity.
Rare to few focal areas of subacute inflammatorycell infiltrationassociated with TWRP exposure were observed in
the lungs of one mid and four high exposure animals, but not the low-exposure animals. These alterations were
minimal, widely scattered and considered insufficienin extent or severity to have an impact on pulmonary function.
Furthermore, it is expected that these focal lesions would remain limited and may undergo resolution without long-
term or progressive pulmonary alterations. Therefore, from this study we identifieda no-observable-adverse-effect-
level (NOAEL) of 112 pg/m? of TRWP in rats for future use in risk assessment of TRAP.

Keywords: Tire, particulate matter, zinc, inhalation

Introduction
and cardiovascular outcomes (Dockery et al., 1993, U.S.

EPA, 2009). Thisvork has prompted regulators in many
countries (e.g. USA, European Union, Canada, Japan)
to establish standards for PM levels in the ambient
atmosphere, based on both size and averaging time

Occupational exposures to particulates have been long
recognized as potential risk factors for the development
of respiratory diseases (Rosner & Markowitz, 1991,
Keith et al., 1977). More recently, however, exposure to

ambient particulate matter (PM) has become a scientific
focus, based on research indicating that fluctuationsin
daily PM concentrations in ambient air are correlated
with increased cardiopulmonary mortalities and
hospitalizations for cardiopulmonary morbidities
(Dockery et al., 1992; Chen et al., 2004; Lin et al., 2005;
Pope et al., 2006, 2008; Peters et al., 2001). Researchers
have since drawn an association between both acute
and chronic exposure to ambient PM and adverse
health effects, with a particular focus on respiratory

(Table1). In an effortto meet these standards, regulating
bodies have also taken steps to manage PM levels, such
as instituting PM emission standards for PM sources,
including industry and vehicles. To prioritize sources
of ambient PM for management, work is ongoing to
understand source apportionment of ambient PM, with
respect to both magnitude of exposure and chemical
composition/toxicity by source (U.S. EPA, 2009). For
vehicle trafficmuch of the focus to date with respect

to toxicity and risk management has been on exhaust

Address for Correspondence: Dr Marisa L. Kreider, ChemRisk, LLC, 20 Stanwix Street, Pittsburgh, Pennsylvania, 15222, USA.
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Table 1. International ambient air standards for particulate
matter.

Country Particle size Duration Standard (ug/m?d)
United States PM10 24-h 150
PM2.5 Annual 15
PM2.5 24-h 35
European Union PM10 Annual 40
PM10 24-h 50
PM2.5 Annual 25
Canada TSP Annual 60
Japan PM2.5 Annual 15
PM2.5 24-h 35

emissions, though nonexhaust emissions such as brake
and tire wear have been recognized as contributors to
ambient PM levels (Almeida-Silva et al., 2011; Keuken
et al., 2010; Salma & Maenhaut, 2006; Health Effects
Institute, 2010).

Theocus of this article is on the potential toxicity
associated with exposure to tire and road wear particles
(TRWP), the particles formed at the friction interface of
the road surface and the tire. During use, TRWP, which
consist of a complex mixture of rubber, embedded min-
erals from the pavement, and free pavement, are dis-
persed into the environment. As they are generated, only
avery small proportion of the TRWP (1% or less by mass)
is found in the respirable range (e.g. <10 um in diameter)
(Kreider et al., 2010). Consistent with this low generation
rate, measured concentrations of TRWP in the ambient
air are typically low (<1% of total PM10) (Panko et al.,
2012). However, as reduction strategies are implemented
for vehicular exhaust emissions, the relative contribution
of nonexhaust vehicle emissions will likely increase, thus
increasing the need for understanding the potential risks
associated with this portion of ambient PM.

To date, few studies have addressed the potential for
TRWP to contribute to the adverse effectsassociated
with exposure to ambient PM. Beretta et al. (2007) and
Gualtieri et al. (2008, 2005) found that organic extracts
of tire tread were cytotoxic, genotoxic, and induced
oxidative stress in human lung epithelial cells (A549).
Furthermore, in macrophage and lung epithelial cell
lines, tread particles (TPs) extracts also caused DNA
damage and induced inflammatoryreactions (Karlsson
et al., 2011, 2006; Lindbom et al., 2006; 2007). In vivo
assessments of potential for adverse effectsassociated
with TP are contradicting, with some authors reporting
cytotoxicity and inflammation (Mantecca et al., 2009;
2010) and others reporting small transient effectson
inflammationin the absence of cytotoxicity (Gottipolu
et al., 2008) following instillation of TP. However, none
of these studies evaluate the potential for toxicity asso-
ciated with TRWP, the particles truly generated during
tire wear, which are known to be both chemically and
morphologically distinct from TP (Kreider et al., 2010).
Furthermore, the applicability of results from those
studies using organic extracts to likely effectsin humans

from inhalation of TRWP is questionable given the harsh
nature of the extraction relative to the conditions found
in the human lung.

In addition to studies in TP, research on ingredients
in the tread has also implicated TRWP as a potentially
toxic component of ambient PM. Zinc, a key ingredient
found in tires in the form of zinc oxide, has been impli-
cated as potential contributor to the adverse effects
associated with PM exposure (Kodavanti et al., 2005,
2003; Adamson et al., 2000; Soukup et al., 2000, Dye et al.,
2001). Inhalation of zinc in differentforms, including
zinc oxide and zinc sulfate, has been shown to cause
adverse effectson respiratory and cardiovascular sys -
tems, including impaired respiratory function, increased
inflammation, cytotoxicity, oxidative stress, and effects
on cardiac enzymes, pathology and blood coagulation
(Lamet al., 1988; Gordon et al., 1992; Amdur et al., 1982;
Kodavanti et al., 2008; Gottipolu et al., 2008; Wallenborn
etal., 2009, 2008; Huanget al., 2010, Gilmour et al., 2006).
Gottipolu et al. (2008) compared the cardiopulmo-
nary effectsof zinc to TP, findingthat while zinc sulfate
increased markersof inflammationand injury in the lung
and induced markers of mitochondrial oxidative stressin
the heart, no cardiac effectsoccurred with exposure to
TP and the pulmonary effectswere only transient and
relatively modest with TP exposure in comparison to the
zinc-only exposure, indicating that while zinc may be a
key constituent with respect to adverse cardiopulmonary
outcomes associated ambient PM, these effectsare not
likely attributable to the presence of tire tread.

As the literature is somewhat conflicting,and to date
no studies have evaluated the potential effectsassoci-
ated with TRWP specifically,the purpose of this study
was to determine whether TRWP may cause adverse
effectsfrom inhalation. While the spectrum of effects
associated with PM are still being investigated, several
key adverse responses have been identifiedin association
with particulate exposure, including pulmonary inflam-
mation, damage to pulmonary cells and tissue, and
effectson blood clotting, among others (Dagher et al.,
2005; Kodavanti et al., 2005; Cassee et al., 2005; Elder
et al., 2004; U.S. EPA, 2009; Pereira et al., 2007). Effects
on the respiratory tract, particularly pulmonary inflam-
mation, have been hypothesized to trigger the systemic
effectsthrough an inflammatorycascade, manifesting in
cardiovascular and other adverse outcomes (Scapellato
& Lotti, 2007). Furthermore, the generation of reactive
oxygen species has been identifiedas a potentially key
mediator of the inflammatoryresponse associated with
PM (Rhoden et al., 2004, 2008, Pereira et al., 2007, U.S.
EPA, 2009). Thereforethese endpoints are the focus of
thisstudy in determining the potential for TRWP to cause
adverse cardiopulmonary outcomes. Results from this
study can be used to understand the dose-response rela-
tionship between exposure to TRWP and adverse effects
in an effortto provide useful quantitative data for the
purposes of risk assessment.

Inhalation Toxicology
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Methods

Materials

TRWP were collected at a road simulator laboratory
located within the Bundesanstalt fur Strallenwesen
(BASt), the German Federal Highway Research Institute,
aspreviouslydescribed byKreideretal. (2010). Brieflythe
laboratory used an interior drum testing system contain-
ing actual asphalt pavement in cassettes. Thisystem was
electronically programmable to mimic a variety of driv-
ing conditions by varying speed, temperature, accelera-
tion, braking, and steering. For the TRWP collection, the
pavement consisted of a standardized asphalt concrete
with 6.1% proportion of bitumen (B50/70) according to
ISO 10844. To prevent overheating resulting from the use
of an enclosure around the drum, the road surface tem-
perature was maintained at ~20°C during the tests. The
TRWP was collected using a vacuum system mounted
behind one of the simulator wheels. Both summer and
winter silica based tires (Michelin Pilot Primacy 225/55
R16 95W and Pirelli Sottozero 225/55 R16 95W M+S) and
a carbon-black based summer tire (Bridgestone Potenza
RE 88 205/65 R15 94W) were used to generate the TRWP.
Particles from each tire were combined to form a single
composite (2:1:1 Bridgestone:Michelin:Pirelli) that
was sieved at 150 ym to remove any large pavement
pieces. Thisomposite was used for the animal exposure
described below.

Animal care

All studies complied with the applicable sections of the
Final Rules of the Animal Welfare Act regulations (9 CFR
Parts 1, 2, and 3) and the Guide for the Care and Use of
Laboratory Animals (National Research Council, 1996).
Theanimal research facilities at Lovelace Respiratory
Research Institute, where the study took place, are
fully accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care (AAALAC). For
both the instillation and inhalation studies, animals were
received at the treatment facility and quarantined for a
minimumof 14 days before study. Animals were provided
access to food and water ab libitum for the duration of
the study with theexception of when the animals are out-
side their cage for study procedures. For this inhalation
study, Sprague-Dawley rats (Charles River Laboratories,
Portage, MI, USA) were used.

Aerosol generation and monitoring

TRWP were aerosolized using a rotating brush genera-
tor (RBG) into a dedicated flowpast nose-only expo-
sure system (Figure 1). Target air concentrations were
10, 40, and 100 ug/m?® TRWP; to achieve these concen-
trations, the outlet flowrate on the RBG was 20 L/min
for the low and middle exposures and 9L/min for the
high concentration. Total air flowthrough the system
was balanced to achieve individual rodent port flows
of 1.5 times the respiratory minute volume of the rat.
To monitor the exposure concentration, material was

© 2012 Informa Healthcare USA, Inc.

Subacute inhalation toxicity of TRAP 909
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Figure 1. Diagram of exposure system.

collected onto Pallflexmembrane filtersand the sam-
ples analyzed gravimetrically to determine total aero-
sol concentration for each day of exposure. In addition
to air concentration, particle size including mass- and
number-median aerodynamic diameter (MMAD and
NMAD, respectively) was also monitored three times
during the study using an aerodynamic particle sizer
(APS; TSI 223100).

In addition to particle characteristics, oxygen content,
temperature, system pressure, ambient pressure, and
flow rates were monitored throughout the study.

Treatment and sacrifice
Rats were randomized into four exposure groups (air
control, low, mid, high) using body weight (fivemales
and fivefemales per group with two spareanimals ofeach
sex to replace sick or injured animals). All animals were
acclimated to the nose-only exposure tubes four times
before exposure, beginning with a 30-min acclimation
and increasing to 6.5h (6.5h is the estimated duration in
which the animals will be restrained to for preparation
of exposure and exposure); the last conditioning day
occurred 5 days before the start of exposure. Animals
were exposed to filteredair or TRWP using the nose-only
inhalation exposure system described in Figure 1 for6h/
day, 7 days/week, for 4 weeks. During the study, all ani-
mals were observed a minimum of twice daily at least 6h
apart; specificattention was paid to clinical signs related
to the respiratory tract including apnea, labored breath-
ing, malaise, nasal discharge, etc. Body weight and food
consumption were recorded twice weekly during the
study duration.

Animals were sacrificed(overdose of Euthasol) 1 day
after completion of the exposure, at which time terminal

RIGHTS L1 KO

ED_001166_00003708-3



Inhalation Toxicology Downloaded from informahealthcare.com by 12.178.163.66 on 11/05/12

For personal use only.

910 M. L. Kreideretal.

blood was collected via cardiac puncture for standard
hematology, clinical chemistry, and clot analyses. All
body surfaces, orifices,cranial, thoracic, and abdominal
cavities were examined for abnormalities and lesions.
Thewhole lung was harvested and weighed. Theleft
lung lobe was tied offand perfused with 10% neutral-
bufferedformalin (NBF), removed from the right lung
lobes, and fixed in NBF. Post-fixation, tissue sections
were cut, mounted on slides, and stained with hematoxy-
lin and eosin for microscopic evaluation. Theight lung
lobes were lavaged twice with phosphate-bufferedsaline
(PBS) (3mL) for analyses, lavagates pooled together and
analyzed for cell differentialstotal protein, lactate dehy-
drogenase (LDH) activity, alkaline phosphatase (ALP),
growth-related oncogene-keratinocyte chemoattractant
(GRO-KC), tumor necrosis factor-a (TNF-a), and inter-
leukin-6 (IL-6). Following lavage, the right lung lobes
were flash-frozenin liquid nitrogen for oxidative stress
analyses (hemeoxygenase-1 [HO-1] and thiobarbituric
acid reactive substances [TBARS]). Urine was also col-
lected at necropsy and analyzed for occult biood, pH,
protein, urobilogen, ketones, bilirubin, and specifiagrav -
ity when sufficient urine volume allowed.

Aliquots of the lavage fluidwere analyzed for total pro-

tein (micro assay), LDH activity, and ALP activity using
a Hitachi clinical chemistry analyzer and conventional
clinical reagents. Additional aliquots of the lavage fluid
were assayed for a panel of cytokines, including GRO-KC,
TNF-q, and IL-6 via Luminex multiplex technology. The
right cranial lobe of the lung was homogenized in 10 vol-
umes (volume/mass) of a solution of 0.5% Triton X-100
in PBS with a cocktail of proteinase inhibitors (1mM
AEBSF, 0,15mM E-64, 0.2mM Peptstatin A, and 5mM
1, 10 Phenanthroline) for analysis of HO-1. HO-1 was
detected in lung tissue via an ELISA (Assay Designs, Ann
Arbor, Ml, USA) for rat HO-1. Theight accessory iobe

was homogenized for analysis of TBARS according to the
methods described in Sciuto et al. (1998). For hematol-
ogy, whole blood was collected into K EDTA vacutainers
and evaluated using an automated hematology analyzer
(ADVIA 120 Hematology System; Siemens, Tarrytown,
NY, USA) for standard hematology parameters includ-
ing: red blood cell count, hemoglobin, hematocrit, mean
corpuscular volume, mean corpuscular hemogliobin
concentration, mean corpuscular hemoglobin, platelet
count, percentreticulocytes, white blood cell count, neu-
trophils, lymphocytes, monocytes, eosinophils, baso-
phils, and large unstained cells). For clotting parameters,

including partial thromboplastin time, and prothrombin
time, whole blood was collected into tubes containing
sodium citrate and subsequently centrifuged to sepa-
rate the plasma for analysis. Automated analyses (Amax
Destiny Plus; Trinity Biotech, Jamestown, NY, USA) were
used to determine clotting parameters. Serum chemistry
analysis was conducted on whole blood collected into
serum tubes using an antomated chemistry analyzer
(Hitachi Modular Analytics Clinical Chemistry System;
Roche Diagnostics, Indianapolis, IN, USA); parameters
measured included: alanine aminotransferase, albumin,
aspartate aminotransferase, bilirubin, blood urea nitro-
gen, calcium, serum chloride, total cholesterol, serum
creatinine, glucose, y-glutamyltransferase, ALP, phos-
phate, serum potassium, total protein, serum sodium,
and triglycerides.

Statistics

One-way analysis of variance was used to assess TRWP
effectsin the clinical chemistry and hematology param-
eters, oxidative stress parameters, and lung weights.
Generalized estimating equations (GEE) were used to
correct the correlation of repeated measurements for the
same animal for body weight analyses. Where there was
a significanttreatment effect(p < 0.05), Dunnett’s mul-
tiple comparisons was performed to assess differences
between exposed and control groups (Dunnet, 1955,
1980).

Results

Particle characteristics

Table 2 outlines the characteristics of the TRWP aerosol
for each target air concentration with respect to mea-
sured air concentration and particle size. For all three
exposure levels, the target air concentrations were met
and maintained within ~15% of the target concentration.
Theaverage mass median aerodynamic diameter and
percent of mass below 3 um indicates that the particles
were predominantly inhalable for the rats (Menache
etal., 1995; Asgharian et al., 2003). Figure 2A and B show
the MMAD and NMAD, respectively, for the highest
exposure level.

General toxicity

Theravere no signs of overt toxicity, such as dead or
moribundanimals, abnormal reactivity to stimuli, abnor-
mal behavior, lesions, or labored or abnormal breathing,
in any treatment group based on twice-daily cage-side
observation of the animals. Body weight and body weight

Table 2. Measured air concentration and average particle size for TRWP by exposure level.

Target concentration (ug/n?) Measured concentration (SD) (ug/m?) NMAD (GSD) (um) MMAD {(GSD) (um) % Mass<3um
100 112.2(29.7) 1.29 (1.60) 3.68(1.83) 457
40 37.8(19.1) 1.13 (1.56) 3.04 (1.80) 56.6
10 12.5(10.5) 1.04 (1.46) 2.38(1.81) 71.0

MMAD, mass median aerodynamic diameter; NMAD, number-median aerodynamic diameter; TRWP, tire and road wear particles.
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gain were unaffectedby exposure to TRWP (Figure 3).
Similarly, there was no effectof treatment on food con-
sumption, organ weight, or organ to body weight or
brain weight ratios (data not shown). Exposure to TRWP
was not associated with any changes in hematological
(including clotting parameters) or clinical chemistry
parameters; all statistical changes compared to control
were considered spurious and associated values found to

Figure 2. Particle size distributions of tire and road wear particles
(TRWP) used for animal exposure. (A) Representative histogram
of mass median aerodynamic diameter (MMAD) particle size
distribution of the 100 ug/m?® exposure group; (B) representative
histogram of number-median aerodynamic diameter (NMAD)
particle size distribution of the 100 ug/m?® exposure group. (See
colour version of this figureonline at www.informahealthcare.
com/iht)
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Figure 3. Body weight data for duration of study. Data are
presented as mean + SE (n = 5 per treatment group). *Represents
day of sacrifice;body weight recording started in advance of study
initiation.
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be within the typical range for the species and strain of
animal used in the study.

Lavage analysis

Lavage fluidwas analyzed for markers of cytotoxicity and
inflammationin control and exposed animals. Cell dif -
ferential profilewas unchanged with exposure to TRWP
(Figure 4). Results for cytokine expression were con-
sistent with the cell differentialprofile,indicating that
TRWP did not increase expression of proinflammatory
cytokines (Figure 5). Markers for cytotoxicity, including
LDH, ALP, and total protein, also remained unchanged
with exposure to TRWP (Figure 6).

Reactive oxygen species

Lung tissue was analyzed for markers of oxidative stress.
Neither HO-1 nor TBARS were elevated in lung tissue in
response to TRWP exposure, indicating that TRWP has a
low potential for initiating oxidative stress.

Histopathology

Lungs were normal by macroscopic examination of
TRWP-exposed rats. Microscopic examination of the
lung of rats exposed to 40 and 100 yg/m?® showed rare
to few widely scattered minimal focal areas of subacute
inflammatory cell infiltration of mononuclear cells in
the alveolar wall and low numbers in alveolar spaces
(Figure 7). Thealterations displayed a slight dose-
response, observed in 3 of 10 rats exposed to 100 ug/
m? and one animal in the 40 pug/m?® group. No animals
had focal lung alterations in the 0 or 10 ug/m?3 exposure
groups.

Discussion

Collectively, the results of this study indicate that TRWP
is likely of low toxicity from inhalation; no adverse
effects were noted on any biochemical or cell-based
marker of inflammation cytotoxicity, or oxidative stress.
Furthermore, the effectsnoted in the lung pathology
were both minor and infrequent, and therefore uniikely
to lead to manifestation of impaired respiratory function
or other adverse outcome in the respiratory tract from
inhalation of TRWP. Theseresults are consistent with

results of an unpublished intratracheal instillation study
that evaluated similar endpoints of inflammation,cyto-

toxicity, and oxidative stress in response to exposure to
TRWP or TP.In this instillation study, neither TRWP nor
TP elevated the same biochemical or cell-based markers
studied in the inhalation study. In this instillation study,
toxicity of TRWP and TP were also compared to particles
with known proinflammatoryeffects, including diesel

exhaust particles (NIST SRM 2975) and crystalline silica
(MinUSIl 5), and with particles of little inflammatory
potential (titanium dioxide), in an effortto understand

the relative toxicity of TRWP. Figure 8 is a representa-
tive example of how TRWP and TP compare to other
particle types with respect to proinflammatoryeffects
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(PMN influxinto lavage fluid).Similar results occurred
when evaluating other endpoints of inflammationand
markers of cytotoxicity and oxidative stress (data not
shown). Inhalation studies are typically considered the
“gold standard” for understanding the potential for toxic-
ity from inhaled materials, but instillation studies can be
useful predictors of relative toxicity (Driscoll et al., 2000).
Theesults of the instillation study suggest that TRWP is
aless potent inhalation toxicant than diesel exhaust (also
found in ambient PM) or crystalline silica. Theonsis -
tency of results across both studies provides strong sup-
port for the conclusion that TRWP is likely of low toxicity
from inhalation.

Both whole PM and components of PM have also
initiated adverse events at low-dose exposures that are
absent with exposure to TRWP.For instance, acute expo-
sure (one-time 20-h exposure) to ambient air pollutants
at concentrations ranging from ~20 to 200 yg/m® PM
from a heavily traffickedarea in Brazil increased lipid
peroxidation and inflammatoryresponse in Wistar rats
(Pereiraet al., 2007). Hardwood smoke increased mark-
ers of cytotoxicity and inflammationat doses as low as
30 ug/m?® PM after 6 months of exposure (Seagraveet al.,
2005). Furthermore, the U.S.EPArecently concluded that
diesel exhaust particles causes adverse effectsat doses
as low as 100 ug/m? (U.S. EPA, 2009). Exposure to diesel
exhaust at 100 pg/m?® PM for 1 month increased the per-
centage of lymphocytes and neutrophils in the BALF and
increased cytokine expression and release of cytokines
from alveolar macrophages in mice (Hiramatsu et al.,
2003; Saito et al., 2002). Diesel exhaust has also induced
changes in clinical chemistry parameters in rats follow-
ing as little as 1 week of exposure to 100 ug/m® PM (Reed
etal., 2004). Furthermore, at moderately higher exposure
levels (~230 pg/m?®) under shorter exposure durations
than are used in this study, diesel exhaust has also been
shown to increase markers of oxidative stress (includ-
ing HO-1) (McDonald et al., 2004; Banerjee et al., 2009);
inflammation(including IL-6, TNF-a and inflammatory
cells) (McDonald et al., 2004, Banerjee et al., 2009); and
cytotoxicity (including LDH) (Banerjee et al., 2009) in
the lavage fluidor lung tissue. Lastly, elemental carbon,

which is similar to the particulate core of diesel exhaust,
has also affectedcardiovascular performance in sponta-
neously hypertensive rats following a single exposure to
172 ug/m?, though no affectson inflammatorymarkers
were apparentwith thisexposure (Upadhyayet al., 2008).

Thepotential correlation of zinc in ambient air with
incidence of adverse events in the human population
originally sparked the interest in TRWP as a potential
contributor to the cardiopulmonary effectsassociated
with ambient PM exposure (Adamson et al., 2000; Dye
et al., 2001; Kodavanti et al., 2003, 2005; Soukup et al.,
2000). Theesults of this study indicate that TRWP is not
likely to contribute to the effectsattributed zinc in the
ambient environment. Zinc contributes ~1% by mass
to tire tread and ~0.3% by mass to TRWP (Kreider et al.,
2010). Tires are a considered to be a primary contributor
to zinc in environment (Kreider et al., 2010; Lough et al.,
2005; Councell et al., 2004; Adachi & Tanionosho, 2005).
However,other sources are also known to contribute zinc
to ambient PM, including combustion products, asphalt,
brake wear, and industrial sources (Dye et al., 2001;
Sjodin et al., 2010; Kodavanti et al., 2002). Gottipolu et al.
2008 demonstrated that bioavailability via water solubil-
ity of thezinc isan important determinant of the potency
of toxic response from zinc. For TPs that had low solu-
bility of zinc, the magnitude of response at equivalent
dose levels was lower than for high solubility forms of
zinc (including zinc sulfate). Th@ercentofzinc in TRWP
expected to be soluble in lung fluidis ~50% (unpub-
lished data). Thereforealthough TRWP may be a major
contributor to zinc in the environment, only a fraction of
that zinc is bioavailable via inhalation. Together with our
results, this may provide an explanation as to why TRWP,
despite being high in zinc content, may not contribute to
the adverse effects from zinc-containing PM.

In addition to a basic understanding about the poten-
tial for toxicity via inhalation of TRWP, this study also pro-
vides information about the dose-response relationship
between exposure to TRWP and effect. Theadvantage
of having conducted an inhalation study (vs. previous
instillation studies) is the ability to determine an effect
threshold (e.g. a no or low observed adverse effectlievel)
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Figure 5. Inflammatorycytokine expression in lavage fluid with
tire and road wear particles (TRWP) exposure. Data are presented
as mean + SE. n = 10 per treatment group (males and females
combined). (A) interleukin-6 (1L-8); (B) growth-related oncogene-
keratinocyte chemoattractant (GRO-KC); (C) tumor necrosis
factor-a (TNF-a).

for the purpose of use in a future risk assessment for
TRWHP. Aside from the few foci of minimal inflammatory
cell infiltrationsscattered in the lung demonstrated by
the histopathology examination, TRWP caused no effects
on any other endpoint evaluated in this study, including
general toxicity, cytotoxicity and inflammationin the

© 2012 Informa Healthcare USA, Inc.
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Figure 6. Markers of cytotoxicity in lavage fluidin response to tire
and road wear particles (TRWP) exposure. Data are presented
as mean + SE. n = 10 per treatment group (males and females
combined). (A) Total protein; (B) lactate dehydrogenase (LDH)
activity; (C) alkaline phosphatase (ALP) activity.

respiratory tract, and cardiovascular endpoints, particu-
larly hematology and clotting ability. When establishing
a threshold for toxicological effects,one consideration is
whether the observed effectsare considered “adverse.”
Thé&).S.EPAguidance for determining whether an effect

is considered “adverse,” requires the determination of
biological significance such that the observed effect
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Figure 7. Histopathology of tire and road wear particles (TRWP)
exposure. (A) Low power magnificationof focal area of subacute
inflammationin the lung. Theperimeter is outlined by arrows

to demonstrate the limited focal extent of minimal alteration.
(B) Higher power magnification to illustrate infiltration of low

numbers of mononuclear inflammatory cells interstitial in the
thickened interalveolar wall and in alveolar spaces (asterisks)
with few neutrophils (thin arrows). Hyperplasia of acinar lining
epithelial cells indicated pneumocyte regeneration (thick arrows).
(See colour version of this figureonline at www.informahealthcare.
com/iht)

(a biochemical change, a functional impairment, or a
pathological lesion) is likely to impair the performance
or reduce the ability of an individual to function or to
respond to additional challenge from the agent (U.S.EPA,
2002). Biological significanceis also attributed to effects
that are consistent with steps in a known mode of action.
Statistical significancequantifiesthe likelihood that the
observed effectis not due to chance alone. Thus).S.EPA
guidance states that more weight is given to biological
significance,and a statistically significantchange that
lacks biological significanceis not considered an adverse
response. Thougmo statistical evaluation of the histo-
pathology results were performed, the effectswere pre-
sumed to be related to exposure to TRWP, because of the
dose-response relationship. Because the mild and infre-
quent inflammationobserved in this study is unlikely to
impair the performance of the animal, the highest dose
used in this study (112 pug/m?®) can be considered the no-
observable-adverse-effect-level (NOAEL).
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Figure 8. Sample results from comparative toxicity study:
Intratracheal instillation. Data are presented as mean +SE. n =8
per treatment group (males and females combined). *Statistically
different from air control; *Statistically different from vehicle
control; tStatistically differentfrom tire and road wear particles
(TRWP) (1mg). Statistically differentfrom tread particles (TPs)
(1mg).

Previous studies on TPs have not permitted a clear
understanding of the relative potency of TRWP com-
pared to other known constituents of ambient air, thus
it is difficulto contextualize their results. In their origi-
nal study, Mantecca et al. (2009) found that TPs in both
the coarse and fine fractions produced macrophage-
mediated inflammatory response and cytotoxicity,
although a positive contro!l was not used and therefore
the magnitude of response from the tread could not be
compared. In a subsequent study, Manteccaet al. (2010)
compared the effectsof TPs to ambient PM collected in
Milan. Theyound that, in terms of inflammatorypoten-
tial, TPs were less potent than PM. Theseesults indicate
the importance of providing appropriate comparisons,
particularly when the applied dose cannot be easily com-
pared to an ambient air concentration. All other studies
on TP toxicity in the respiratory system have used either
intratracheal instillation techniques (with the absence of
appropriate context/comparative toxicities presented)
or in vitro methods (Beretta et al., 2007; Gottipolu et al.,
2008; Gualtieri et al., 2008, 2005; Karlsson et al., 2006;
Manteccaet al., 2009). Furthermore, because these stud-
ies only evaluated the rubber component of TRWP, the
potential impact from actual tire wear particles had not
yet been evaluated. Thereforepf the available literature,
the results from this study provide the best available data
for understanding the relationship between exposure
concentration and potential for adverse effectfrom expo-
sure to TRWP.

While this study is the most robust study available
when evaluating the potential for TRWP-induced toxic-
ity from inhalation, it is not without limitations. Based on
material limitations, the exposure regimen used in this
study was not sufficiento identify an adverse effectievel
of TRWP. As indicated before with other particle types,
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low-dose exposure regimens do not always produce
consistent results with respect to potential for cardiopul-
monary effects. However, because the maximum con-
centration used in this study is well above those detected
in the environment, there is a large margin of exposure
between the NOAEL and the environmental levels of
TRWP, indicating that even in the presence of some
uncertainty, the likelihood of TRWP causing adverse
effectsfrom inhalation in the ambient environment is
low (Panko et al., 2012).

conclusions

Thedata presented in this study supports the conclusion
that TRWP is of low toxicity from inhalation. From these
results,a NOAEL of 112 ug/m?® was identifiedfor future use
in a risk assessment. Based on data from a recent global
air sampling campaign using a marker for rubber polymer,
the air concentration of TRWP in the ambient atmosphere
is low; tread concentrations in the air were <0.1 yg/méand
contributed <1% by mass to the total PM10 in the ambient
air (Panko et al., 2012). Thereforehe margin of exposure
between the NOAEL identifiedfrom this study and envi-
ronmental levels of TRWP is large, indicating a low likeli-
hood of human health risk from inhalation of TRWP.
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to a panel of particulate matter-associated metals. Toxicol Appl
Pharmacol 241: 71-80.
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Overview

> Background and experience
> Recommendations for improvements to the research study

> Questions
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Background and Experience

3

> Tire Industry Project

L

Global tire industry comprising 11 of the largest tire manufacturers

10 years of research to anticipate and evaluate the potential for
environmental health risk associated with tire materials and tire and
road wear particles

http://www.wbcsd.org/Projects/Tirdndustry-Project

Publication of all research in the peer reviewed scientific literature

Specific research to understand chemical composition of tire and road
wear particles which can be informative for the rubber crumb research.

» Kreider, M.L., J.M. Panko, B.L. McAtee, L.Il. Sweet and B.L. Finley. (2010) Physical and
Chemical Characterization of TireRelated Particles: Comparison of Particles Generated
Using Different MethodologiesSci Total Environ. 2010 Jan 1;408(3):653

* Unice K.M., JL. Bare, ML. Kreider, JM. Panko. 2015 Experimental methodology for
assessing the environmental fate of organic chemicals in polymer matrices using column
leaching studies and OECD 308 water/sediment systems: Application to tire and road
wear particles. Science of the Total Environment 533 (2015) 47887 .
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Recommendation #1 — Determine Potential for Background
Sources of chemicals of interest

4

> Many of the chemicals listed on Tables 57
of EPA’s research protocol are ubiquitous in
the environment as a result of natural and
anthropogenic sources

> |s the measured chemical of interest from
Rubber Crumb?

= Background samples of soil from nearby
residential properties— X

= Background surface wipe samples from
outdoor surfaces nearby— X

= Background air samples from upwind

H @\X - .
location - (D Cardno
Recommendations for EPA’s Research Study of Rubber Crumb . Hw?ﬁ»ﬁhw“%ﬂk .
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Recommendation #2 — Optimize analytical efforts by choosing

appropriate rubber solvents

ED_001166_00003709-5

> EPA’s protocol calls for extraction of crumb rubber for
SVOC analysis using acetone: hexane mixture and
acetonitrile and/or methanol for suspect screening or
non-target analysis.

= |SO Standard 1407:2011 presentssuggested solvents
depending on the rubber compoundcategory.

* Previous experience with TRWP indicated thatin
ethanol/toluene mixture (70:30) withSoxhlet
extraction was the most efficient (Unice et al. 2016

— Recommend that EPA increase sample size to at least
54¢.

o] Recommendations for EPA’s Research Study of Rubber Crumb
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Recommendation #3 — Expand Extant Toxicity Reference Data

to non-US sources

> 11 sources of information from which toxicity
reference data will be obtained were identified:

= All but 1 are from US sources
= 4/11 are occupational exposure limits

> Consider expanding to European sources such as
the ECHA database to fill gaps in information from
US Sources.

mw Recommendations for EPA’s Research Study of Rubber Crumb
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